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INFORMATION EXCHANGE BETWEEN 
HETEROGENEOUS DATABASES THROUGH 
AUTOMATED IDENTIFICATION OF CONCEPT 

EQUIVALENCE 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of the ?ling date 
of co-pending US. Provisional Application Ser. No. 60/352, 
163, ?led Jan. 29, 2002, titled “The Medical Information 
Acquisition and Transmission Enabler (MEDIATE),” the 
entirety of Which provisional application is incorporated by 
reference herein. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to database sys 
tems. More particularly, the invention relates to a system and 
method for exchanging information betWeen heterogeneous 
databases. 

BACKGROUND 

[0003] The ability to access the entire medical record of a 
patient offers tantaliZing possibilities for improving clinical 
care and supporting medical research. Patients often, hoW 
ever, receive their medical care from multiple health care 
providers or facilities. Further, each health care provider or 
facility electronically records patient data in its oWn infor 
mation system. Typically, these information systems record 
different data using different data structures at different 
levels of granularity. Each may even use a different nomen 
clature to identify similar clinical concepts. Consequently, 
the complete electronic medical record for any given patient 
is usually scattered across multiple heterogeneous informa 
tion systems. Semantic inconsistencies betWeen the infor 
mation systems present a formidable obstacle to integrating 
the clinical information. 

[0004] Various approaches have arisen to address the 
problem of semantic inconsistencies betWeen information 
systems. One such approach utiliZes a common data model. 
For common data model systems, information from hetero 
geneous information systems is mapped to a common 
model. A common model can Work Well if the model is 
comprehensive (as in small knoWledge domains) and 
requires infrequent modi?cation. In some domains, hoW 
ever, such as the medical record domain, repeated attempts 
at creating a comprehensive data model have not gained 
Widespread acceptance. 

[0005] A disadvantage of common data models is that 
modi?cations to the common model involve modi?cations 
to the data mapping process for every database involved in 
data exchange. This tends to be problematic When neW 
databases are added, and deleteriously affects the scalability 
of such systems. Another disadvantage is that the data 
mapping process can cause a loss of information as data 
concepts are force-?t to the common model. This affects the 
semantic ?delity of information transmitted through these 
systems. 

[0006] Another approach to addressing the problem of 
semantic inconsistencies involves the development of fed 
erated database architectures. Afederated system attempts to 
support local database operational autonomy Within a sys 
tem that alloWs information sharing among interconnected 
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databases. An objective of a federated system is to present 
a common interface for queries and transactions Which are 
eventually executed by a local database. To create the 
common interface, a federated system integrates or recon 
ciles the database schemas of its component databases, 
Which can occur at various levels of abstraction (e.g. local, 
component, export, etc.). 

[0007] As With common data models, lack of scalability is 
also a disadvantage of federated systems. Whenever a neW 
database is added, schemas must be integrated, often at 
multiple levels. If the neW database offers unique informa 
tion that must be available to all users, all levels of the 
federated architecture are affected because of the schema 
dependencies. 

[0008] There remains, therefore, a need for a scalable 
system that alloWs information exchange Without the need to 
?t the information into a static data model or into a central 
schema frameWork. 

SUMMARY 

[0009] In one aspect, the invention features a system for 
exchanging information betWeen a ?rst database and a 
second database. The system includes a constructor for 
producing a ?rst semantic netWork representation of the ?rst 
database. A concept matcher identi?es semantic concept 
equivalencies betWeen the semantic netWork representation 
of the ?rst database and a semantic netWork representation 
of the second database. A query processor uses one of the 
identi?ed semantic concept equivalencies to generate a 
request to access data from the second database. 

[0010] In another aspect, the invention features a method 
for exchanging data betWeen databases. A ?rst semantic 
netWork representation of a ?rst database is generated. A 
second semantic netWork representation of a second data 
base is received. Semantic concept equivalencies betWeen 
the ?rst and second semantic netWork representations are 
identi?ed. Arequest to retrieve information from the second 
database is produced using at least one of the identi?ed 
semantic concept equivalencies. 

[0011] In yet another aspect, the invention features a 
method of exchanging data betWeen databases. A semantic 
netWork representation of a ?rst database is generated. A 
request is received from a remote database system to retrieve 
information from the ?rst database. The request identi?es a 
node of the semantic netWork representation. Information is 
retrieved from the ?rst database using a query formulated 
from information associated With the node of the semantic 
netWork representation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The above and further advantages of this invention 
may be better understood by referring to the folloWing 
description in conjunction With the accompanying draWings, 
in Which like numerals indicate like structural elements and 
features in various ?gures. The draWings are not necessarily 
to scale, emphasis instead being placed upon illustrating the 
principles of the invention. 

[0013] FIG. 1 is a block diagram of an embodiment of a 
system for exchanging information betWeen heterogeneous 
databases in accordance With the principles of the invention. 
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[0014] FIG. 2 is a block diagram of an embodiment of a 
system architecture used to exchange information betWeen 
heterogeneous databases in accordance With the principles 
of the invention. 

[0015] FIG. 3 is a diagram of a simpli?ed embodiment of 
a semantic concept equivalencies table of the present inven 
tion. 

[0016] FIG. 4 is a How chart illustrating an embodiment 
of a process for exchanging information betWeen databases 
in accordance With the present invention. 

[0017] FIG. 5 is a How chart illustrating another embodi 
ment of a process for exchanging information betWeen 
databases. 

[0018] FIG. 6 is a diagram illustrating an oversimpli?ed 
example of a semantic netWork of the present invention. 

[0019] FIG. 7 is a diagram illustrating an embodiment of 
a node in a semantic netWork of the present invention and 
the informational content of that node. 

[0020] FIG. 8 is a screen shot of a graphical user interface 
WindoW shoWing an embodiment of a semantic netWork in 
a ?rst sub-WindoW and a list of user activities in a second 
sub-WindoW. 

[0021] FIG. 9 is a screen shot of the second sub-WindoW 
With the “edit UMLS links” activity selected. 

[0022] FIG. 10 is a How chart illustrating an embodiment 
of a process for matching concepts betWeen semantic net 
Work representations in accordance With the present inven 
tion. 

[0023] FIG. 11 is a diagram illustrating an embodiment of 
a matching algorithm used to match concepts betWeen 
semantic netWork representations in accordance With the 
present invention. 

[0024] FIG. 12 is a screen shot of semantic netWorks and 
matching nodes. 

[0025] FIG. 13 is a screen shot of a graphical user 
interface WindoW used to link nodes to database elements. 

[0026] FIG. 14 is a screen shot of a graphical user 
interface WindoW used to formulate a query to retrieve data 
elements from the remote database. 

[0027] FIG. 15A is a diagram illustrating an example of a 
concept-match retrieval process for retrieving data elements 
from the remote database. 

[0028] FIG. 15B is a diagram illustrating an example of a 
leaf-match retrieval process for retrieving data elements 
from the remote database. 

DETAILED DESCRIPTION 

[0029] In brief overvieW, the present invention facilitates 
information exchange betWeen disparate or heterogeneous 
databases by identifying semantically equivalent concepts 
betWeen the databases and formulating queries using the 
semantically equivalent concepts to access data in the data 
bases. The present invention is not intended to be limited to 
those embodiments described herein. For example, although 
the folloWing description refers primarily to medical data 
bases for illustrating the invention, the principles of the 
invention apply also to other types of databases. 
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[0030] FIG. 1 shoWs an example of a netWork environ 
ment 2 in Which information is exchanged betWeen data 
bases in accordance With the principles of the invention. The 
netWork environment 2 includes a ?rst database system 10 
and a second database system 14 in communication With 
each other over a netWork 18. Example embodiments of the 
netWork 18 include the Internet, an intranet, a local area 
netWork (LAN), a Wide area netWork (WAN), and a virtual 
private netWork (VPN). For purposes of illustrating the 
invention, the ?rst database system 10 is referred to as a 
local database system and the second database system 10 as 
a remote database system. 

[0031] Each database system 10, 14, respectively, includes 
a data store 22, 22‘, a database server 26, 26‘, and a client 
computer 30, 30‘. Each data store 22, 22‘ (generally, data 
store 22) physically stores a set of records. Each database 
server 26, 26‘ (generally, database server 26) is connected to 
the respective data store 22, 22‘ and, With that respective data 
store 22, 22‘, provides a database 28, 28‘, respectively. Each 
data store 22 can be external or internal to the database 
server 26. In one embodiment, the databases 28, 28‘ are 
relational databases. Other types of databases, such as 
?at-?le databases, can be used Without departing from the 
principles of the invention. Herein, the database 28 provided 
by the database server 26 and data store 22 is referred to as 
a local database 28, and the database 28‘ provided by the 
database server 26 and data store 22‘ as a remote database 
28‘. The databases 28, 28‘ can be homogeneous, hoWever the 
advantages of the present invention are realiZed When the 
databases 28, 28 are heterogeneous. Heterogeneity betWeen 
the databases 28, 28‘ can be at one or more levels; for 
example, the databases 28, 28‘ can have different schemas, 
store different data, use different data structures, use differ 
ent naming conventions or codes, or any combination 
thereof. 

[0032] Each client computer 30, 30‘ (generally, client 30) 
is connected to the respective database server 26, 26‘ by a 
respective local netWork 34, 34‘. Installed on each client 30 
is softWare for performing information exchange of the 
present invention betWeen the databases 28,28‘. In one 
embodiment, the softWare is implemented in the JAV TM 
programming language, Which is portable across different 
operating systems and possesses netWork and database capa 
bilities. Other program languages are suitable for imple 
menting the present invention. Through execution of the 
softWare on the client 30, a user has access to information in 
the local database 28 and in the remote database 28‘ through 
an exchange of information achieved in accordance With the 
principles of the invention. 

[0033] To communicate information across the netWork 
18, in one embodiment, the clients 30, 30‘ use standard 
transport protocols, such as TCP/IP and the hypertext trans 
fer protocol (HTTP). Also, for embodiments in Which the 
databases 28, 28‘ are medical databases, Health Level 7 
(HL7) provides a standard communications protocol for 
exchanging medical information messages betWeen medical 
information systems. The HL7 standard is an American 
National Standard for electronic data exchange in health 
care that standardiZes the communication protocol for clini 
cal and administrative information. In one embodiment, the 
HL7 messages exchanged betWeen databases systems 10, 14 
are encoded as Extensible Markup Language (XML) docu 
ments. XML documents use XML ?eld tags to represent 
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medical data and de?ne medical concept relationships. The 
XML document type de?nition, or XML schema, de?nes the 
particular meaning of each XML ?eld tag. The HL7 mes 
sages are transferred across the netWork 18 using the trans 
port protocol. 

[0034] FIG. 2 shoWs an embodiment of a system archi 
tecture used to achieve the exchange of information betWeen 
databases in accordance With the principles of the invention. 
Referring to the local database system 10, the system 
architecture includes a netWork constructor 54, a concept 
matcher 62, and a query processor 66. The remote database 
system 14 has similar components as the local database 
system 10, With similar components being so indicated With 
a prime (‘) designation. In general, the semantic netWork 58, 
concept matcher 62, and query processor 66 present an 
interface for routing communications to other databases. 

[0035] The netWork constructor 54 is in communication 
With the local database 28 and includes a set of routines that 
enable users to build the semantic netWork representation 58 
of the local database 28 using system-de?ned conceptual 
relationships, as described in more detail beloW. Similarly, 
the netWork constructor 54‘ has routines that build a seman 
tic netWork representation 58‘ of the remote database 28‘. 
Each semantic netWork representation 58 models the under 
lying database 28, 28‘ using a directed acyclic graph (e.g., a 
tree) With nodes that represent concepts and links that 
represent relationships betWeen concepts. 

[0036] The routines of each network constructor 54, 54‘ 
are capable of accessing and reading information from the 
underlying database and converting that information into the 
structure of the acyclic graph. Depending upon the type of 
databases (e.g., relational, ?at-?le, etc.), the routines of the 
netWork constructor 54 can be the same as or differ from the 
routines of the remote netWork constructor 54‘. The data 
structures used to represent the semantic netWork represen 
tations 58, 58‘ are stored in memory. In one embodiment, the 
semantic netWork representations 58, 58‘ generated by the 
respective netWork constructors 54, 54‘ are stored With the 
respective database 28, 28‘. 

[0037] The concept matcher 62 receives as input the 
semantic netWork representation 58 of the local database 28 
and the semantic netWork representation 58‘ of the remote 
database 28‘ and identi?es semantic concept equivalencies 
betWeen the tWo representations 58, 58‘. TWo concepts in the 
tWo different semantic netWork representations 58, 58‘ are 
inferred to be semantically equivalent to each other if the 
concept matcher 62 identi?es the tWo corresponding nodes 
as the output of a match. Semantic equivalence implies some 
degree of commonality in the semantic context of tWo nodes 
(i.e., one in the local semantic netWork representation 58 and 
one in the remote semantic netWork representation 58‘). 
Both nodes have some information content in common. 
Note that semantic equivalence is not the same as “termi 
nological equivalence”. Nodes can be semantically equiva 
lent although terminologically different. For example (see 
FIG. 3), a match betWeen a remote node named “WBC 
differential” and a local node named “bma” indicates that the 
nodes, although terminologically dissimilar, have semanti 
cally equivalent content (e.g., at a subcomponent level— 
described in more detail beloW). 

[0038] The concept matcher 62 produces a table 64 of 
semantic concept equivalencies found betWeen the tWo 
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inputted semantic netWork representations 58, 58‘. Similarly, 
the concept matcher 62‘ of the remote database system 14 
receives as input the semantic netWork representation 58‘ of 
the remote database 28‘ and the semantic netWork represen 
tation 58 of the local database 28‘ and produces a table 64‘ 
of semantic concept equivalencies detected from the tWo 
inputted semantic netWork representations 58, 58‘. 

[0039] FIG. 3 shoWs a simpli?ed embodiment of the table 
64 of semantic concept equivalencies. Typically, the table 64 
includes hundreds or thousands of matching concepts. One 
column 70 of the table 64 identi?es a node of the local 
semantic netWork representation 58 and a second column 74 
identi?es a matching node of the remote semantic netWork 
representation 58‘. Each entry 78 in the table 64 represents 
semantically equivalent concepts betWeen the tWo databases 
28, 28‘. Each entry of the table 64‘ at the remote database 
system 14 has similarly matching concepts, but the columns 
are in reverse order. In another embodiment, the table 64 is 
a hash table. As described in more detail beloW, concept 
matching algorithms access the table 64 to obtain previously 
matched concepts and use such matched concepts to identify 
additional matching concepts. 

[0040] Returning to FIG. 2, the query processor 66 is in 
communication With the table 64 and With the local database 
28, and With the query processor 66‘ of the remote database 
system 14. The query processor 66‘ of the remote database 
system 14 is also in communication With the remote data 
base 28 and the table 64‘. Database information exchange 
occurs betWeen the query processors 66, 66‘, as described in 
more detail beloW. 

[0041] FIG. 4 shoWs an embodiment of a process 100 for 
exchanging information betWeen the local database system 
10 and the remote database system 14. This information 
exchange, as described herein, is from the perspective of the 
local database system 10, With the transfer of database 
information coming from the remote database system 14 and 
data integration occurring at the local database system 10. 
Reference is made also to the system components described 
in FIG. 2. 

[0042] The process 100 includes a preparation stage 104 
and an information exchange stage 108. During the prepa 
ration stage 104, the netWork constructor 54 constructs (step 
112) a semantic netWork representation 58 of the local 
database 28. The netWork constructor 54 also alloWs 
dynamic reconstruction of the semantic netWork represen 
tation 58 if the local database 28 changes, Without affecting 
the remote database 28‘. The local database system 10 also 
receives (step 116) the semantic netWork representation 58‘ 
of the remote database 28‘ over the netWork 18 from the 
remote database system 14. 

[0043] Optionally, as indicated by dashed lines, the local 
database system 10 transmits (step 120) the semantic net 
Work representation 58 to the remote database system 14 (so 
that the remote database system 14 can obtain information 
from the local database system 10 similarly to the local 
database system 10 obtaining information from the remote 
database system 14, as described herein). The local database 
system 10 can perform this transmission automatically, upon 
generating the semantic netWork representation 58, or When 
sending a request to obtain data from the remote database 
system 14. The local database system 10 can also transmit 
the semantic netWork representation 58 to and receive 



US 2005/0154708 A1 

semantic network representations from other database sys 
tems With Which the local database system 10 is participat 
ing in an information exchange. In one embodiment, the 
HL7 protocol is used to communicate the semantic netWork 
representations 58, 58‘. 

[0044] From the semantic netWork representations 58, 58‘, 
the concept matcher 62 identi?es (step 124) semantic con 
cept equivalencies by matching concepts betWeen the 
semantic netWork representations (as further described 
beloW). The concept matcher 62 then records (step 128) 
semantic concept equivalencies, for eXample, in the table 64, 
for use during database queries and concept matching. The 
local database system 10 stores a table of semantic concept 
equivalencies for each remote database With Which infor 
mation may be exchanged. 

[0045] One or more of the steps 112, 120, 124 and 128 can 
also occur in response to receiving a request from the remote 
database system 14 to retrieve data from the local database 
28. For eXample, if upon receiving the request the local 
database system 10 determines that the local semantic 
netWork representation 58 is not current, the netWork con 
structor 54 reconstructs the representation 58 (step 112) and 
the concept matcher 62 identi?es semantic concept equiva 
lencies (step 124) and records the equivalencies in a table 
(step 128). As another eXample, if upon receiving the request 
the local database system 10 determines that the remote 
semantic netWork representation 58‘ is not current (e.g., 
because it receives a neW representation 58‘ With the 
request), the concept matcher 62 identi?es semantic concept 
equivalencies (step 124) and records the equivalencies in a 
table (step 128). The semantic netWork representation 58‘ of 
the remote database 28‘ can be received by the local database 
system 28 before or With this request. 

[0046] During the information eXchange stage 108, the 
user of the client 30 Who is interested in incorporating 
information from both the local 28 and remote 28‘ databases 
initiates (step 132) a query. The query results in a search of 
the local database 28 and of the remote database 28‘. Before 
the remote database is queried, the process 100 checks (step 
136) to see if either semantic netWork representation 58 or 
58‘ has changed since the last query. For this purpose, ?ags 
or time stamps can be used to indicate Whether the concept 
matcher 62 has the current netWork representations 58 and 
58‘. 

[0047] If either representation 58, 58‘ has changed, the 
process 100 performs steps 124 and 128 to identify and 
record semantic concept equivalencies. Consequently, the 
process 100 of the present invention accommodates dynamic 
changes to the databases 28, 28‘; that is, a participating 
database system, i.e., a database system con?gured to 
eXchange information With other database systems using the 
present invention, can be modi?ed freely, Without resulting 
in additional Work or overhead for performing an eventual 
data eXchange. Also, adding a neW database to the data 
eXchange group, i.e., the set of database systems that can 
eXchange information With other database systems using the 
present invention, simply entails generating a semantic 
netWork representation for the neW database, Which then 
enables other database systems to eXchange information 
With the neW database. 

[0048] When the table 64 of semantic concept equivalen 
cies contains current information, the query processor 66 
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generates a request (step 140), in response to this query, 
Which is then used to obtain information from the remote 
database 28‘. To produce this request, the query processor 66 
of the local database system 10 ?nds the semantic equivalent 
of the data element(s) that are to be retrieved in the table 64, 
for eXample, and issues the request to the remote database 
system 14 using this semantic equivalent. This semantic 
equivalent corresponds to a node in the remote semantic 
netWork representation 58‘. As described above, the query 
processor 66 can transmit (step 116) the semantic netWork 
representation 58 of the local database 28 at this time. The 
HL7 protocol can be used to communicate the request. Also 
in response to this query, the query processor 66 accesses the 
local database 28 to obtain the same type of information 
requested from the remote database 28‘. 

[0049] The request for these semantically equivalent data 
elements passes to the query processor 66‘ of the remote 
database system 14, Which controls the retrieval of infor 
mation from the remote database 28‘. In response to the 
request, the query processor 66 receives (step 144) the 
information retrieved from the remote database system 14 
over the netWork 18. The local database system 10 can then 
display the information retrieved from the remote database 
28‘ With results obtained by the local query of the local 
database system 28. In this manner, data retrieved from the 
remote database 28‘ is incorporated at the local database 
system 10 With data retrieved from the local database 28. 
Again, for medical databases, the HL7 protocol can serve to 
communicate the retrieved data betWeen the database sys 
tems 10, 14. 

[0050] For eXample, if a user of the local database system 
10 Wants to retrieve “Thyroid Function Tests” from the 
remote database system 14, the query processor 66 identi?es 
the equivalent concept “Endocrine Panel, Thyroid” from the 
semantic concept equivalency table 64 and requests this 
information (i.e., Endocrine Panel, Thyroid) from the remote 
database system 14. The query processor 66‘ of the remote 
database system 14 then communicates With the remote 
database 28‘ to retrieve and transmit the requested informa 
tion back to the local database system 10. 

[0051] FIG. 5 shoWs an embodiment of a process 160 for 
exchanging information betWeen the local database system 
10 and the remote database system 14. As described herein, 
the eXchange of information is from the perspective of the 
local database system 10, With the transfer of database 
information passing from the local database system 10 to the 
remote database system 14 and data integration occurring at 
the remote database system 14. 

[0052] At step 164, the netWork constructor 54 generates 
the semantic netWork representation 58 of the local database 
28. The query processor 66 receives (step 168) a request 
from the query processor 66‘ of the remote database system 
14 to retrieve information from the local database 28. The 
request includes one or more terms corresponding to a node 
in the local semantic netWork representation 58. The query 
processor 66 accesses (step 172) this node in the local 
semantic netWork representation 58 and uses information 
contained in the node, described further beloW, to construct 
(step 176) a query for retrieving information from the local 
database 28. The query processor 66 issues (step 180) the 
query using commands recogniZed by the local database 28, 
retrieves the database information in response to the query, 
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and transmits (step 184) the information to the query pro 
cessor 66‘ over the network 18. The remote database system 
14 can then integrate this retrieved information With infor 
mation retrieved from the remote database 28‘. 

[0053] FIG. 6 shoWs an oversimpli?ed example of a 
semantic netWork 200 produced by the netWork constructor 
54. The semantic netWork 200 comprises nodes 204a, 204b, 
204c, 204d, 204e, 204f, 204g, 204k, 204k, 204m, and 20411 
(generally, node 204) and links 208a, 208b, 208c, and 204d 
(generally, link 208). To simplify the illustration, FIG. 6 has 
reference numerals for only some of the links 208. The 
nodes 204 represent concepts (e.g., medical concepts), and 
the links 208 represent de?ned relationships betWeen those 
concepts. The semantic netWork 200 is a directed acyclic 
graph, Which facilitates concept matching, described in more 
detail beloW. Typically, the semantic netWork 200 resembles 
a tree because of the hierarchical property of many of the 
links 208. The terminal nodes 204d, 2046, 204f, 204g, 204h, 
204j, 204k, 204m, and 20411, or “leaves”, of the semantic 
netWork 200, often correlate With atomic data elements 
Within the local database 28. 

[0054] In general, the semantic netWork 200 presents a 
conceptual vieW of a database, Which includes “higher 
level” concepts and atomic data elements. In a medical 
laboratory database, for example, the concepts can denote 
the normal organiZation of laboratory test types, e.g., hema 
tology, microbiology, pathology, chemistry, etc. These 
higher-level concepts can be encoded as data elements 
Within the represented database. Along With the information 
represented by the relationship links 208, the “meta-data” 
contained by these higher-level concepts and the netWork 
topology enable the database system of the invention to 
perform computations that determine semantic equivalence 
betWeen concepts. 
[0055] The conceptual vieW provided by the semantic 
netWork 200 also includes the “context” of a concept. Those 
nodes 204 linked to a given node (i.e., concept) by a 
relationship link 208 are related to that concept, and are thus 
referred to as neighboring nodes. Nodes 204 that are more 
than one link distance aWay from the concept are also related 
in a direct Way (if the relationship links support transitive 
closure, described beloW) or in an indirect Way. The strength 
of the relationship declines as a function of the link distance 
from the concept. Accordingly, neighboring nodes provide a 
semantic context grounded in the relationship links 208 and 
in the nodes 204 themselves. This context contains infor 
mation that facilitates the semantic interpretation of a given 
node. 

[0056] As described above, each node 204 in the semantic 
netWork 200 represents a single concept and includes infor 
mation associated With that concept, including relationships 
to other concepts. The data structure of each node 204 
accomplishes multiple purposes, including: semantic iden 
ti?cation, facilitation of data interpretation, and linkage of 
the concept With the underlying local database 28. Each 
node 204 includes data structures that specify 1) concept 
identifying information, 2) data formats, 3) database links 
(or “hooks”) to the local database 28, and 4) relationship 
links. FIG. 7 illustrates an example of the data structure of 
an exemplary node, named “Strep Throat Culture”. 

[0057] Concept-Identifying Information 
[0058] Each node 204 has concept-identifying information 
that uniquely classi?es that node. The identi?er of a par 
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ticular node is unique to the database system that the node 
represents; it is not a universal identi?er that carries across 
database systems. The identi?cation information includes 
the folloWing: 

[0059] 1) a name, Which is a human readable label 
that corresponds to the associated concept; 

[0060] 2) a unique identi?er for the node (Which may 
be randomly generated), that is not reused; 

[0061] 3) optionally, a link to a standardiZed vocabu 
lary to associate the node With semantic information; 
and 

[0062] 4) optionally, a plain-text “de?nition” of the 
concept embodied Within the node. The de?nition is 
another technique for directly representing semantic 
information about the concept associated With the 
node. 

[0063] Accordingly, semantic identi?cation of the node 
concept is represented in a plurality of different Ways. The 
“node name” and “node de?nition” provide basic semantic 
information about the node. The node name can sometimes 
be less useful, because it usually re?ects the native database 
terminology and can be someWhat cryptic. The node de? 
nition is a plain text message designed to enable an unam 
biguous description of the concept that is interpretable by a 
user. 

[0064] The vocabulary link and relationship links embody 
other Ways in Which semantic identi?cation is associated 
With a node (and thus With a concept). Associating the 
concept With a vocabulary through the vocabulary link 
reduces terminology-associated semantic ambiguity and 
associating concepts With each other by one or more rela 
tionship links provides semantic information that enables 
concept matching. In one embodiment, each node 204 has a 
vocabulary link. In other embodiments, feWer than all nodes 
204 in the semantic netWork 200 have a vocabulary link 
(e.g., in one embodiment, only leaf nodes have a vocabulary 
link). 
[0065] More speci?cally, the vocabulary link is used to 
associate the concept of the node With concepts contained in 
a standardiZed vocabulary. The link points to a list of 
concepts that are semantically equivalent to or compatible 
With the node. This list of concepts represents a non 
deterministic set of possible associations. In one embodi 
ment in Which nodes represent medical concepts, the stan 
dardiZed vocabulary is the Uni?ed Medical Language 
System (UMLS) Metathesaurus. The UMLS Metathesaurus 
is a collection of many independent medical vocabularies 
from various sources. The medical concepts catalogued 
through the Metathesaurus form a comprehensive subset of 
concepts that are in current clinical use. The collection of 
medical concepts from many sources alloWs the Metathe 
saurus to function as a reference point for mapping betWeen 
vocabularies. Examples of other standardiZed vocabularies 
include the Logical Observation Identi?ers Names and 
Codes (LOINC) system, Which encodes laboratory test 
results in a standard structure that can be used to represent 
and communicate the contents of laboratory databases. 

[0066] Data Formats 

[0067] The “format” data structure facilitates data inter 
pretation by providing semantic and syntactic information. 


















